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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TRECHNICAL NOTE 3636

THE ACCURACY OF THE SUBSTTTUTE-STRINGER APPROACH FOR
DETERMINING THE BENDING FREQUENCIES OF
MULTISTRINGER BOX BEAMS

By William W. Davenport
SUMMARY

The accuracy of the substitute-stringer approach for including the
effects of shear lag in the calculation of the transverse modes and fre-
quencies of multistringer box beams is investigated. Box beams, the covers
of which consist of normal-stress-carrying stringers on sheets which carry
not only shear but also normal stress, are analyzed exactly. Frequencies
of beams with various numbers of stringers, obtained by means of this
exact analysis, serve to determine the possible accuracy of the frequencies
obtained by the substitute-stringer approach. ’

INTRODUCTION

The use of a substitute-stringer approach for including the effects
of shear lag in the vibrational analysis of built-up box beams was inves-
tigated in reference 1. Various thin-walled rectangular tubes were ideal-
ized to substitute-stringer structures and the frequencies of the first
few bending modes of the idealized structures were compared with those
of the original beams. The results indicated where the substitute stringer
should be located in order to take into account accurately the effect of
shear lag on the frequency; for a fairly wide variety of tube proportions,
locating the substitute stringer midwey between the web and the centroid
of the half-cover ylelded frequencies accurate within 1 or 2 percent for
higher as well as lower modes of vibration. However, because the rec-
tangular tubes employed in the investigation had constant wall thickness
there was no definite information given regarding the accuracy of fre-
quencies that may be obtained for a beam which has discrete flanges and
stringers in the covers and different web and cover-sheet thickness.

The purpose of this report is to examine the accuracy of the
substitute-stringer approach when applied to a beam more nearly repre-
sentative of actual built-up box beams. Frequencies of various realistic
multistringer beams of the type shown in figure 1(a) are determined by
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means of the substitute-stringer epproach es given in reference 1. These
frequencies are then compared with the frequencies obtained by means of

an exact vibrational analysis of a multistringer beam. Conclusions are -
thereby made with regard to the proper location of the substitute stringer.

SYMBOLS

A total cross-sectional area of stringers in a half-cover of
multistringer box beam ’

Ap cross-sectional area of flange of substitute-stringer structure

Ar, cress-sectional area of a substitute stringer

Ao cross-sectional area of flange of multistringer box beam

Ap cross~-sectional area of pth stringer of multistringer box beam

Ag effec‘pive shear-carrying area

a half-depth of beam

b half-width of beam

bg = &

bp width of pth panel

brsl half-width of middle panel when N 1s even, nonzero constant
wvhen N 1is odd

bg dlstance f:etween web and adjacent substitute stringer

be distance between web and centroid of area of half-cover

Bi(Q) parameter defined by equation (Al7) or equation (AkO)

C constant |

Ci(q) parsmeter defined by equation (Al8) or equation (Akl)

Dj_(Q) parameter defined by equation (A25) or equation (Ak2)
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E modulus of elasticity
Fq = I EAq.'.-lh
2
VGtCL (1 + 9N5(r+1),q)
G shear modulus of elasticity (taken equal to E/2.65 herein)
H= Bﬁl
tee
I bending moment of inertie

KiJ(Q) = qu(ia—")a(l +80) + (3x)°

4
kg frequency coefficient, ;—;’—
kg coefficient of shear rigidity, 1. EL_
L VGAS

2 2 2
ky = ('15"") - kpkg
L half-length of beam
N number of stringers in a cover
Ni(p) parameter defined by equations (A34) and (A35) or by equa-

tions (A43) and (Akk)

| /Eq
Pn = c——
1 GI?

Ri(Q) = F 2(%“—)2 + By

r= %(N + 9N)
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81 (») determinant given by equation (A30)
te cover-sheet thickness
to' effective cover-sheet thickness for normal stress
tw web thickness
T maximum kinetic energy
U maximum strein energy
up longitudinal displacement of a point on the pth panel
w vertical displacement of cross section of beam
X longitudinal coordinate
Yp chordwise coordinate for pth panel
(p)

8&mn .  »Cm Fourier series coefficlents

i,j,p,q,m,n integers

B = _bi_
4 " 2Gt.L

By Kronecker delta (O when 1 # J; 1L when 1 = J)

et -]

M (p) Lagrangian multiplier

W mass of beam per unit length

¢1(p) parameter defined by equation (A8)

-

w natural frequency

We natural frequency of multistringer beam in figure 3
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THE MULTISTRINGER BOX BEAM AND THE SUBSTITUTE-STRINGER STRUCTURES

A doubly symmetrical multistringer box beam of the type considered
in the present paper is shown in figure 1(a). In order that the covers
of this structure may behave realistically with regard to shear-lag
effects, the cover sheets are permitted to carry not only shear but also
normal stress. The following simplifying essumptions are made:

(1) The flanges and stringers carry only normal stress.

(2) The webs carry only shear (the bending resistance of the web
is included in the flanges).

(3) longitudinal inertia (rotary inertia) is neglected.
(4) The cross sections maintain their shape.

Assumptions (2) and (3) are generally known to be good for reasonab ]{
shallow beams such as those considered in this report; assumption (L
is good if a normal emount of bulkhead stiffness is present.

In the appendix an exact vibration analysis, similar to those of
references 1 and 2, is carried out for a multistringer beam of the type
shown in figure 1(a). The Rayleigh-Ritz energy procedure is used in
conjunction with appropriate Fourier series and Lagrangian multipliers
to obtain frequency equations for a box beam with any number of stringers.
Although the analysis in the appendix allows unequal spacing of the
stringers, only the case of equally spaced atringers is considered
hereinafter.

The substitute-stringer structure for the beam of figure 1l(a) is
shown in figure 1(b). The flange-web cambination of this structure is
the same as that of its prototype; the covers, however, consist of sub-
stitute stringers whi¢h carry only normal stress and sheets which carry
only shear. The magnitude of the shear-lag effect in this structure
depends on the location of the substitute stringers. A suggested stringer
location given in reference 1 is .

bg = 0.5b¢ | (1)

where bg 18 the distance between a flange and the adjacent substitute
stringer and by 1s the distance between a web and the .centroid of
normal-stress-ca.rrying area of the half-cover.

A vibration analysis of the subati.tute-stringer structure is carried
out in appendix B of reference 1.
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COMPARISON OF FREQUENCIES AS OBTAINED BY THE M
SOLUTION AND THE SUBSTTIUTE-STRINGER APFROACH

In order to investigate the possible accuracy of the substitute-
stringer approach for determining the frequencies of multistringer box
beams, comparisons are made between the freguencies of four multistringer
box beams as obtained by the analysis given in the appendix and the corre-
sponding frequencies of their substitute-stringer structures as obtained
by the analysis given in reference 1. The first three symmetrical trans-
verse modes of each beam with free-free end conditions are considered.

The four beams have cross sections as shown in figure 2 and are
identical except for the manner in which the total stringer area is
distrivuted. Proportions common to all four beams are

L. b W Ao A
E 6.0 T 6.0 % 1.25 o 1.89 Btg 0.75

vhere L, b, a, ty, and to are, respectively, the half-length, the

half-width, the half-depth, the web thickness, and the cover-sheet thick-
ness; the total cross-sectional area of the stringers in a half-cover is
given by A and the cross-sectional area of a flange is given by A,.

In addition to the preceding properties, the four beams are alike in that
stringers of each beam are equally spaced across the covers. The beams
thus differ only in the number of stringers on a cover; the cases con=-
sidered are for N=1, 4, 7, and .

In figure 2 the various relations needed to obtain the parameters
of the multistringer solution for the four beams are given. When N is
infinite the stringers are smeared out to a "stringer sheet” for which
the effective normsl-stress-carrying thickness +tg' 1s different from

the actusl cover-sheet thickness to.

The cross section of the substitute-stringer idealization is also
shown in figure 2. In accordance with the idealizing procedure of the
substitute-stringer approach, the following relations are used to deter-
mine the parameters needed in the substitute-stringer solution of refer-
ence 1:

Ap = Ag Ay = A + btg

vhere Ay and Aj, are, respectively, the cross-sectionsl ares of a

flange and stringer of the substitute-stringer beam. It should be noted
that the only geometric property of the substitute-stringer structure
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vhich may be different for each of the four beams is the value of bg.
For the substitute-stringer location defined by equation (1), bg varies
The values of by for the four beams

by virtue of the variation of Dbg.
are:

For 1 stringer,

bo =
For 4 stringers,

bo =
For T stringers,

bp =
For infinity stringers,

bp =

;
The frequency coefficients kg = w\’%— obtained fram both the

bg = 0.5bc and the multistringer

solution for each of the four beams are given in table I.
to these results, the frequency coefficients obtained by a solution
which includes transverse shear but not shear lag have been included.

in order to demonstrate the influence
of shear lag and was obtained from equation (15) of reference 3 with the

substitute-stringer solution where

This latter set has been presented

0.714b

0.543b

0.531b

0.500b

rotary inertia parameter kry equal to zero.

The influence of stringer location on the frequency w of the
substitute-stringer structure for each of the four beams is presented
graphically in figure 3. The frequency is given in the form of its

relative error a'% - 1 when compared with the exact frequency we of

the multistringer structure; the curves indicate how the errors vary

with substitute-stringer location.

DISCUSSION OF RESULTS

The results given in table I show good agreement between the fre-
the substitute-stringer approach with

quency coefficients as obtained by

In addition
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bg/bc = 0.5 and those obtained by the multistringer solution. However,
as may be noted, the frequency coefficients for the substitute structure
with bs/bc = 0.5 are slightly high for all but the third modes of the
cases for N =1 and N = »., Reference to figure 3 indicates that, for
all but the case of N = », the maximum errors for the modes considered
would be reduced by using a value of bs/bc = 0.55; for example, for the

case of N = 7, the meximum error for this new value would be less than
1 percent.

The results of table I indicate that the stringer area distribution
has little influence on the frequency; however, the assumption should
not be made that the influence of shear lag is negligible. As mgy be
seen in teble I, the reduction in frequency due to the inclusion of shear-

lag effects is 4.8, 16.7, and 19.1 percent, respectively, for the first
three symmetrical modes of the case where N = T.

CONCLUDING REMARKS

The numerical results of the present paper indicate that the
substitute-stringer approach can yleld accurate frequencies for multi-
stringer box beams. Review of the numerical results of NACA Technical
Note 3158 together with those of the present paper suggests that a
value of 0.55 for bS/bC (ratio of the distance between web and adjacent

substitute stringer to distance between web and centroid of the area of
the half-cover) defines a slightly more appropriate substitute-stringer
location for bullt-up box beams than bs/bc = 0,50, the value suggested

in NACA Technical Note 3158.

Langley Aeroneutical Lsboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., January 6, 1956.
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APPENDIX
VIBRATION SOLUTION OF A MULTISTRINGER BOX BEAM

The simplifying assumptions for the multistringer beam are given
in the body of the peper and a cross section consisting of two cases is
shown in figure 4. Case I applies when N 1is even and case II when
N 1is odd, where N 1s the number of stringers in a cover. In addition
to the dimensions and coordinates defined by figure 4, the length of the
beam 1s assigned the value 2L, and x 1is defined as the longitudinal
coordinate with 1ts origin at the midpoint of the beam. It should be
noted that bpy), the distance between the rth stringer and the center

line for case I, is half the width of the middle panel.

For a transverse mode of vibration let w(x) be the amplitude of
a vertical displacement of a cross section and let up(x,yp) be the

amplitude of a longitudinal displacement of a point on the pth panel.
Then the meximum strain energy is

U = 2E %;-_L Apa1 fL(&Lp(x,o))adx .

p=L 1+ 80(re1),pYer\

r+l L ~Pp 2
2Btq pz; (1 - BNG(r-l-l),p)_/:L/; (éfrg_’yﬁ) dyp dx +

r+l L pbp 2
26t ;2 (1 - &8 (re1),p) f f (M)ﬁ dyp dx +

. LYo
2Gaty [- :, (% ) ﬁ:,_:gl)zdx (A1)
vhere
oy = = 2'1)N (a2)
and
8(rs1),p = © (ér+1) (a3)
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The maximum kinetic energy when the influence of longitudinal inertia
is neglected is

L
T=J§w2f_Lw2u (Al)

where u 1is the mass per unit length of the structure which the multi-
stringer beam represents. It should be noted that equations (Al) to (A4)
hold for N 2 0.

In the following sections appropriate infinite trigonometric series
are assumed to represent the displacements and then the Rayleigh-Ritz
energy procedure is applied.

Symmetrical Transverse Modes of & Free-Free Multistringer Beam

Appropriate trigonametric series for the symmetrical transverse
modes of a free-free beam are

i z nsey
Up(%,¥) = amn(p)sin IAX cos P
prop m=1,3,5 n=0,1,2 2L bp

(p=12 ... (r+1)) (a5)
wix) =C + Cp COS %5 (A6)

m=1,5,5

The choice of these particular series was guided by the orthogonality
required for simplification of the expressions in the strain-energy
equation; C in equation (A6) is introduced in order to allow w(%L)
to be unrestricted.

Because of the geametry of the structure the following restraining
relations must hold:

up(x,bp) - up,1(x,0) =0 (p=1,2, .. .r) (A7)

Substituting equation (A5) into equation (A7), multiplying by sin %?
vhere 1 =1,3,5, . . . , and integrating fram ~L to L yields

z E_in(P)(_l)n _ ain(P*-lZ] - ¢1(P) =0

n=0,1,2

(p=12,...1r)1= 1,3,5, « « <) (A8)
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In accordance with the Rayleigh-Ritz procedure the expression

r 00
ver- S00ST 6 Plg® (49)

p=1,2 n=1,3,5

is held stationary with respect to the coefficlients of the assumed series.
The A's 1in expression (A9) are Lagrangian multipliers introduced to
maintain the condition stated in (A8). The expressions for U and T

of equation (A9) are given by equations (Al) and (A4), respectively, and
the displacements are in turn given by equations (A5) and (A6). Thus,
differentiating expression (A9) with respect to the ai(Q)'s, ci's,

and C 1independently and setting the respective results equal to zero
vields the following equations:

Kij(l)ai.j(l) + omy (1 n=021 ) ain(l) + % H(%‘)ci - F517\1(l)(-1)J =0

(1 =13%5,...)(3 =0,0,2, . ..) (A10)

[+2]

L - 9N5(r+1),q)K13(q)ai,j(q) + 28,() > ain(q) )

n=0,1,2
Bql}‘i(Q)('l)j (L - 8(re1),q) - M(q'lﬂ =0
(1 =1,35,...)3=0,1,2, .. .qa=2,3,...r+1)(r21) (a11)
w i-1
v Hg) | S, e - maft@)en To -
(1=1,3,5 ...) (A2)
] P cm(-?—)(-l)r%l. = 0 (A13)
m=1,5,5
where
k(Y - pq"‘(ien)e(l +8g5) + (4x)° (Alke)



—
[
P )

(q) 2 f1g\°

R Fq(-é-)+mlq
EA,_ib
Fq2___ q-1"q

g = WL
teoe
In
k2=‘.¥_n.-2_L—-
B EI
" ° Gae?
Ag = hatw
b
ﬁq=__g__
. 2GtoL

Ky = [(12!‘-)2 - knakse]

GtCLa(l + OB (r+1),q)

RACA TN 3636

(Alkb)

(Alke)

(Alkd)

(Alke)

(Alkt)

(Alkg)

(Alkh)

(A141)

(A1k3)

Dividing equation (AlQ) by Kij(l) eand summing over J =0,1,2, . . .

gives, on solving for :?: aij(l):

3=0,1,2

J=0,1,2

aiJ(l) - Bi(l)ﬂlh(l) - 2 H(%;r_)ci(l)cg1

Al

(i =1,3,5, . .

:)

(a15)
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Similarly, for equation (All):

-1)
512 ai.j(q) = Bi(Q)BqM(q)(l - 5(r+1)q) - ci(Q)Bq?‘i(q

(1 =135, .. .(a=2,3, . . . +1) (A16)

where
(-1)d
131(‘*) - ,1=<(>,;,2 K}z.’xKQ) (@=1,2, .. .r) (A7)
1+ 2Ry '9 ——3?——
J=0)1)2 KiJ q‘)
and
1
e, (¥ . J=o$::1,2 K1y
(a) 1
1-0 2R
( Nﬁ(r"’l))Q) ey 3=6,1,2 Kiqu5

(g=1,2, .. .r+1) (A18)

i(r+l)

In equation (Al7) the definition of B has been neglected because

when q =r + 1 in equation (Al6) the entire term containing Bi(r*l)
drops out.

By substituting equations (Al5) and (Al6) into equations (A10)
and (All) the following equations mey be obtained:

2 {q@—a)n(%)[em‘”ci‘”-ﬂwm‘”E-ﬂ“-%‘”ﬁx“ﬂ}

(1 1,35, . . °)(J = 0,1,2, . . .) (519)
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ayy(0) = __;m{ﬂng-n,gni(q)ci(q)-;] + (@ 1) -mimBi(q]}

K13
(1 =1,3,5 ...)3=0,1,2, . . .)ga=2,3,...r) (A20)

Equations (A19) and (A20), when multiplied by (-1)¢ and summed over

B PR CAR AR I

(i = 1,3,5, « « . ) (A21)

and

J=Oi 2 (-l)JaiJ(Q) B 'BqBi(q)M(q-l) + Bqu(Q) + Di(‘lzl A (0

(1= 1,3,5, . . -)(q =23, ...r) (A22)

In order to obtain equations in the form of (A21) and (A22) it should be
noted that

(a) m_] (-133 I CY
ER:L Cy 1 jg,a s 3 By

(e =1,2,3, . . .7 (A23)

and

L g (2 () ; (1) [ .o (@, ()
[;=g;;:2 KiJ 1 t : J=0,1,2 KiJ 4 ' =

| (q =1,23 ...r) (A2k)
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2R1(‘1){ z ] ]2 _Ej;; (_1)3]2}
Di(Q) = 51,2 Kﬂi_q 31,2 Kiﬂ 4

L+ 2R:L(cx) Z 1( ;
J=0,1,2 Kij a

(@ =1,2,3, . . . 1) (A25)

Substituting equation (Al5) into equation (Al2) results in

where

i-1
b - Tt MO - sit(g)n ®

(1 =1,3,5, . . .) (A26)

and substituting equations (A21) asnd (A16) into equation (AB), when
p =1, gives

a0 2+ [0 5,0 2 0,

b
gf 31(2)7‘1(2)(1 - 8(r41),2) = O

(1 =1,3,5, « . ') (A27)
Substituting equations (A16) and (A22) into equation (A8) yields

2,0 1), Ei(m oo @) 2 cﬁ”ﬂ NG

b
_%_;_1_ Bi(p+l))\1(p+1)(l ) 5(r+1),(p+1)) -0
(1 =135, ...)p=23,...r) (A28)

By Cremer's rule, equations (A26) to (A28) mey be solved for ci /By
in terms of C/B); 1f in the resulting expression the determinants in
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By expanding the determinant of (A30) by the first column the following
recurrence relation may be obtained:

2
5, ®) = [o,®) 4 p, @), E%; ci“’*ﬂsi“’*” ] ‘3€;_1[§1<p+1ﬂ g, (#+2)

(p =123, .. .r = l) (Ail)

where
5, () . Eim o)) 2 ci‘”ﬂ
and

Si(r+1) -1

Now, by dividing the numerator and denominator of the right-hand member
of equation (A29) by Si(l) and then using equation (A31), the following
equation results:

i-1
27" (R)(-1) B ¢

= (1))%4. (2)

- om(ix)2 “i] 1x)2 (5 lsi
E‘i ()] =B o @, @l @) )
Cy + Dy +_-b—l-C1 Sy -b—l 51

C

(1 =1,3,5, .. .) (a32)

Repetition of this procedure ultimately yields the continued fraction
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@ permits equation (A33) to be written as
- 1-1

% 2 2(2), 2
l ¢y = ?ii'ﬁ%l(_]i__c (1 =1,3,5, . ..) (A36)
(#) =

| wy ()
Substituting equation (A36) into equation (Al3) yields the frequency
equation
A
2 2, 2
kg” 41+ 2kg kg 1 - L =0 (A37)
(%) =
(y.rr_)a g -2l T
2 (1)
L m=1,3,5 Ny
()

The following closed forms for the summations involved in B, " °,

Cm(p) , and Dm(p) mey be obtained by methods similar to those given in
i reference k:
S l
= - (p = 1,2, ¢« ¢« o I + l) (A}S)
= m
-1 J 1
p= — -~ (p=1,,2,...1r+1) (A39)
=0T,z 2(-5->Pp sinh (?>Pp

By use of equations (A38) and (A39), equations (AlT7), (Al18), and (A25)
may now be written as

(p) } sech (%)Pp

T = (T

cm(p) 1

Bn (p=12,...r) (ak0)

B cm—

2&1 - 9115(r+1),p) (%)Pp tanh (%)pp . Rm(P)

(p=1,2, .. .7 +1) (Ak1)
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O Il ¢ .

E@)Ppkg‘-)pp tenh (‘E‘)Pp + Rm(p)

(p=123...r) (A’*Z)
From equations (A34), (A35), (A4O), (Akl), and (Ak2) the following expres-

sions for Nm(p) and Nm(r+l) mey be obtained:
(p) bpo M (p) secha.(’%—‘)P -
R @ o
N B w7
(p=12,...1r)(pp=2)  (A3)
Nm(rﬂ) = —:i—l (1 - 9N) (’%‘)Pwl tanh (%‘-)Pru + Rm(rﬂ) '

(r21) (M)

The rate of convergence of the series of frequency equations given
in equetion (A37) is increased by substracting the expression

y 2 1
e m=§,;,5 (M) Kp

2

and adding the equivalent closed~-form expression

S

The resulting equation is

k| ten ks + 2kg’he” m gs 2 %g (i) (m)2 -0 )
T g R - m(F
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where Nm(l) is determined by equations (A43) and (Akl). It should be
noted that equation (Ak5) will hold for N 'stringers where N ¥ O.

For the case when N = 0, handling equations (Al2), (Al3), and (A10)
when )\i(l) = 0 in a menner similar to that used for the case of
N stringers yields equation (A45) except that

ML 2 {p1(2) tann £(38) + Rpl )

(a46)

The values P; and Ri(l) are given in equations (Al4b) and (Alkc),
respectively; the value of b, 18, of course, b.

In order that equation (A45) togethér with (A46) may epply to the
case for N = w, P; mey be redefined by

24
Bt

5 (B47)
GL g

Pl=

Antisymmetrical Transverse Modes of a Free-Free Multistringer Beam

Appropriate trigonometric series for the antisymmetrical transverse
modes of a free~free beam are

(p) matx nayp
up (x,¥yp) = amn cO8 —= CcOB
»(xs2) m=0,2,4 n=0,1,2 2L bp
(p=12 .. .r+1) (Ms8)
w(x) = Cx + cp sin BEX (A49)

n=2,L,6 2L

As in the case for the symmetrical modes the choice of the particular
series was guided by the orthogonality required for simplification of
the expressions in the strain-energy equation; the term Cx was added

in order to allow sufficient freedom of w(%L).
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Treatment similar to that accorded the case of the symmetrical modes
ylelds the equation

kg2|1 - kpkg cot kgkg + 21<B"‘kslL = 0 (A50)

1
m=2,1+;6 kma % Nm(l) - km(?)a

where kp, kg, and k ere given in equations (Alk£), (Alkg), and (Alk]),

respectively, and Nm(l) is given by equations (A43) and (Al4). As
before, this equation holds for N stringers, where N #0. When N =0,

equation (A50) may be used, where Nm(l) is defined by (A46); for N = o,
the same equations are used with the definition of P; as given in
equation (AkT).
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TABLE I
EFFECT OF STRINGER DISTRIBUTION ON FREQUENCY
kg
Case Solution
1st symm.|2d symm.|3d symm.
mode mode mode
Elementary
N=1 + 5.42 24.5 48.3
transverse shear
-
‘ Substitute«
® stringer, bg/bg = 0.5 5.16 20.1 57.8
Multistringer 5.07 19.7 38.1
Elementary
=1 + 5.42 24.5 48.3
transverse shear
00—
Substitute-
K—Q—H——I stringer, bg/bg = 0.5 5.22 20.8 331
Multistringer 5.15 20.2 38.8
Elementary
N=7 + 5.42 24.5 48.3
transverse shear
Substitute- '
— stringer, bg/bg = 0.5 2:22 20.9 | 39.2
Multistringer 5.16 20.4 39.1
Elementary
N=w + 5.42 24.5 48.3
transverse shear
Substitute~
I I stringer, bg/bg = 0.5 °'2 21.0 | 395
Multistringer 5.19 20.8 39.9
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(a) Multistringer box beam.

, (b) Substitute-stringer structure. '

Figure 1l.- Multistringer box beam and its substitute-stringer structure.
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(b) Substitute-stringer beam.

Figure 2.~ Cross sections of multistringer beams and substitute-stringer

beam.
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Figure 3.~ Effect of substitute-stringer location on the accuracy of the
substitute-stringer approach for box beams with different stringer
distributions. The labels 1S, 28, and %S denote symmetrical modes.
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Figure b4.- Cross section of doubly symmetrical multistringer box beam
for elther even or odd number of stringers in a cover.
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